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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method by which damage caused by laser 
beam irradiation in the target surface of an object to be 
machined is reduced and the attachment of dust to the 
target surface is effectively prevented. 
SOLUTION: In the laser beam machining method, a liquid : 
8, through which a laser beam can be transmitted, is 
supplied to the target surface 10A of the object 10 to be 
machined, the target surface 1 0A is irradiated with the 
laser beam 24 via the liquid 8, and laser beam machining 
is performed while applying ultrasonic vibrations to the 
machining surface 10A. 




LEGAL STATUS 

[Date of request for examination] 08.02.2002 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 
[Date of final disposal for application] 



http://www19.ipdLncipi.go jp/PA1/result/detail/main/wAAA27aW0pDA414224878... - 2007/03/22 



[Patent number] 
[Date of registration] 



3660294 
25.03.2005 



[Number of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 
[Date of extinction of right] 



http://vmw19Jpdl.ncipi.gojp/PA1/result/detail/main/wAAA27aW0pJDA41 422487^ ..2007/03/22 



(1S)B*BHMW <J.P) 02) & B9'4$ If & S (A) 



#^2002-224878 
(P2002-224878A) 
(43)&H B ¥j£l4*f 8 n 13 B (2002. 8. 13) 



(51)Inta. T 
B2 3K 26/12 
26/14 

H0 1L 21/301 
23/12 

J7H0 5K 3/00 



50 1 



fi f-?3-r(0#) 

B2 3K 26/12 4E0 6 8 

26/14 Z 

H0 1L 23/12 5 0 IP 

H0 5K 3/00 N 
B 2 3 K 101: 40 

# ^«©»i5 ol 20 h) mm\z&< 



(21)fflK#*f 


#K2001 -326865( P2001 -326865) 


(71){HSA 


000003078 














(22)tB«B 


¥f£l3*F10fl 24 B (2001. 10. 24) 












<72)&i#£ 








ftK2000-326361 (P2000 -326361) 






tic 


(32)«5feB 


^■SazmOH 28 B (2000. 10. 26) 










B# (JP) 


(72)5291* 






























(74)ftgA 


100083806 










#s± =» sift (n7«) 








F^-A(##) 4B068 CJ07 DA10 





(57) [gift] (&EW) 

<9f&{* 8 5:^ LT U— *f3fe 2 4 =&iPlffi± 1 0 A £ggS* 

U ioiffiii o A£@S&Si&£5-x&#c > b-- *fioi 
5^5 5 „ 




(2) 



#H20 02-224878 



B&piffiice^nsc 2:«mi2:-r«n«igi 1 ictgm 

[WIN] KliaBfftHlfta. BulEiDXW^^^ 

»**<!)hixi5±fci»< i: , 

fiu a*;^* , inx«^^ioinxffii(c s #}giio ft ffiflRfc 

at-rsb-+riDX^So 

[DM 7] ffH^X^14^iB&ft&lb€-5*.3a 
is* £ e te mr Z> C t t T S 6 telES© b 
— tfiax^Sc 

[H^8] HSESSSJSid^AS^tt, ME* 
;l/*"lc^9tttt6nft;E«il?^ Hijf5flEm^*lgl!i 

KIB«<DU— IfioXSMo 

HuEW{c^M2tt3c£*#'$fc^£IS;£gi7 

WIEii±lc U— lfft*g$ U 
£<DJCT; t imXf 5 c fc *¥j® 1 1 S ¥3S<*&R©«33 

[isjrwi 2] Buie^Ji^jiKT-fef), tuiei— - 

T- H9£^JKK*3r^<0fi^ - >KlmXt & C £ 5:1$ 



Css*« 13) wi&mmmimm-zh *> % 

zctzimttz 9 u-i> 1 1 
[§i*js i 4 ] ws±\c i jLx±©s^ae u 

\s-*FmL%®Lai tmWlitf>\ Ti^O. 3/ai 
10 <DM&£Slft-f-fefl=T\ MIBWiLft«51inXf-5*ll 

u 

±fcBK»U 

amis— if^^fiLT, "bh£«dir*<du5?x h&tsx 

[00 0 1] 

*ffl^ft*g#gB<D§S!>g;Si££WU 
tfiraxgS i: U— «f ioi^j*. c n 5 Z&M L ft 

[0 0 0 2] 

[S&tEO&ffi] b— IfTt^Mii/^ftliDXetBti. 'JV^7 
7-fS^fflMCt4< /i m^-^*-tD?SJffliDX^oF 
30 ggtS^ct^?,, *«^B^flPXSffii:LTa@? 

S^i-r^ftfefc, »S*l8iBBljDXA^St^S 0 

[0 0 0 3] L*U *mt>T'b— lfiPX^T-5 iP 
XtStSJ^iatc^X ^-(JD^X htfiPXSP^lcftf 

So 

40 [0 0 0 4] $ft, ^{*gST'ti, ->'j3y (S i) 
(C u) JiPf) x J6^K (S i Chgg-^S i iNitig 

[0 0 0 5] 01 9tt, *jR«t»-p©U— »fllPX{C«fcoT 

^■rs^fi^, 019 (b) ii£igmzM?z>mmz, 

so HI 9 (c) ii->'j3>gftK (S i3 NO iztttz® 



(3) 



#Hfl2 0 0 2-2 2 4 8 7 8 



019 (d) \*7 * Y\siss\Y\Z-M? 

-To 

[0 0 06] Q-sw i t c h Nd Y A G Is— 9 s © 

0 0£*OXU fBO:»fc$'y:3>#i8iR«El 10 0© 
Wfffi*2iii!«?Sfl«a (TEM) T'gtglLT**^ 

mi 9 (a) ft^-ri^t, b— vmsamt atom 
m ill ooiiaex ->'J3y^ B B B tB^i io i« 

f^Kl 10 1 AtfXC, : t<DmmiZ&®L<DffiiL 1 1 o 

2*^aisn5 0 10 

[0007] l©?^ S/';n>*ISfl«|«l 10 1^ 
4?-f Fl 10 1 A©3M. U— !fJt!HS*eJ:OS"J=i 

[0 0 0 8] Sfci, tfJfcoaatK-J: 0. U— «fftB8 

m^i i i o<7)^atc^sis^g^i;s©T% -> 

ij3>W®a®l 1 0 OA^St^tl^^MiSlCti^T 
fe*?SiXM/XtfSi?n, Sfel 1 0 2*«fcD* 

*>©£#*. £>tt3 0 5"jny*BSiifii i oo^gffi 

fr£©&£#$K&3£ottT. fete i i 0 2O%4i 20 
'«ttiahrrS8ieo*SU i££#2 0 0/imT*tt, U- 
IfttBHSttHE l l l 0©^i>fr l OO/i m©£ 

lEffltcS-pTKffi 1 1 0 2©f££*««aiSn5. 

[0 0 0 93 sstc u— if %m%m® 1 1 1 o©sb 

SfrftTti:. jSlSbfc'>ll3>©S5»)±* < *) 1 1 0 3#£ 
CTfet), m±tf>) l 1 0 3©^2Hct4U-1JWJ* 
ti^IISLfc^'Jnyifl 1 0 4©ttg#giS'J£ft 

[00 10] CftP»©lS<Itt. U-^f7t©M«x*;l/^ 
-2gg£ipx|igj?©*ti2. 5 J/cm 2 3:T'j)&!>2-£fc so 

TV>&„ Q-switchNd YAG Is— *f-f>, K r 
Fx*~>vl^-+f^ /WXtBtfftn s e c«±©iDl 

[0 0 1 1 ] -73, Ipse cUTQlHBfc'WXMtf 
*B#1 p s e cUT©*DXHlb— »f£: LT. ^£>1t7 

[ 0 0 l 2 ] £ fc. -> n U— «f IraX-r 

^©tf-l' F 1 1 0 1 A. feffi 1 1 0 2!?©&£ttx > 
fc^^E^'v^liffi^^-tSo SOI* 1 ') 1 10 3 

^?R85[?nfc>"j3>^ i i o 4 if it±mm mnmt 



[0013] 119 (b) tt. i/>j3>fg B a a SSl 1 

oo±ic->>j3>s{k^i 120^ &mmm m*7 

^--■^AMi) l 1 3 0*«3eBUSLfc»iBfcJ5lrV 
T> Q-switch Nd Y A G b— »f ©^H&iS 

i&zm^T. *5tw-e&jssiB 1 1 3o^inxLfc^& 

<DMi££*fo 019 (c) 14. lojiltQ-swl 

t c h n d yag Xs—^oymmrnrnw^m^x. * 

aWes/yn^SMbMi 1 5 0^rJjnXLfcfct©»rffli1i 
it*, 019 (d) *^T*7;Th 1^7. Kill 1 
6 0£iniLfcif^©»rS1i;i£jSLT^5 <) 
[00 1 4] 01 9 (b) £a?f&f3jfRl 1 3 0©b 

— ffflmm&i 1 1 o©^aic«, 019 ( a > ©i§ 

••^klBlttK:. StSXtft) 1 1 3 3#4C*o &t>x#!) 
1 1 3 3©J12K;:t4, U-tfftl 1 4 oioSBWciDjR. 
ifcLfc£&©&ga? 1 1 3 4tf#*LT^3„ &>>± 
#9 1 1 3 3©a^(4^)2 /tm~5 /imlCjiU 
^1 1 3 4©&^S^ M m©^t^fefeafS 0 C© 
<fc5&&>>±#9 1 1 3 3^St?l 3 4 XJIif 
«©<3*(ttffiT©l£iB i: & , ¥3S#=gfg©S;g±©$ 

[0 0 15] (/i-AE 
S) #*T©*g£. £HS$|] 1 3 0*HHBfe*S«^. 

\s-¥itmm&\ 1 1 o<os2k «t«»)±««t) 1 1 
3 3tat%itfeit5ss (o #&ai2n. #m 

&1 1 3 5*^-UTV>SCkjb*t)frS. &iHMtl 1 3 

I 1 3 5ttgB^S^©Staffi^gp^Wfclg^L. filiS. 
©E^lftt^tfSiifcA^T^^v^ 3&Hi:LT. 
SB©S3i±©$@^0^[ST^-a:TL$3o 

[0 0 1 6] 019 (c) iZ^-tkolC. ~>V^>m<t 

II 1 5 OlC^^T'L^-lfiOX^Torc^fe, U- 
1f y£BB3*«H* 1 1 1 0©jaffllei^D±*^ l I53tfi 
U5o ^D±A v t) 1 1 5 3(DmmiCffi®LVrc&&(Di'V 

^>m<mm?i 1 5 4A^s-rs„ 01 9 

(d) iCTT.ty* hWXMl 1 60ft, U— »fjfc 
SS*HS«1 1 1 O^SacSOiA^ 1 1 6 3 #41;, 
g$t)±A^ 1 1 6 3©ja2lcmKSLfc£!fc©7* hU^ 
7. fS? 1 16 4 ©#«*<ffi^^tl^„ 

[0 0 17] v"Jn>g{t%&? 1 1 5 4 J f7thb->" 

7. hn? 1 1 6 4 it, ^sm? 1134 ^c^t^T/J^^ 
<. cnhomk^tK is— vwmmmi 1 1 o©s 

aicS&M/imfcitoTMirrSo ccormb. ->V3>i 
fklSi 1 5 0©±^{c^fiE^n5ifKtS^^x. 
7* h bi/*7 1 1 6 OlCfct^T^HftWegitrF 

a^*si^-rs. uvfnicLT«>, ^«i*gs©sia± 

©*®S0^iST^-l3:TL$3c 
[0 0 18] 



(4) 



#132 0 0 2-224878 



[0 0 1 9] 2 OBWtt, ±3Lfcu— tfim 
[0 0 2 0] *%HJ3<DSg3<7)Btfja> ±SBLftb— tfio 

[0 02 1] *«W«!)».4-©y»H:» ±j$Lft U— Fin 

[0 0 2 2] #f£BJ§©Jg5<7>gfcltt; JbSLftU— tfip 
XfcfiJHJUT, hT#©^l£liJg£IEB8UcaiR 
HSU 8ffi±^^n/c77-r^>bv-^<oS^ 

[0 023] 

[n&&i)?&t£fti6©^m] si i ©gw^ajs-rsft 

*«*SU (2) <!£Dffi(*£:fyLTb-»friQXffi± 

tsaa#u (3) iDX»*%tss-5Sfii!)^^x.**^ 

b— »fJ>DX*fx-5o 

[0 0 2 4] SPXEX£®ft£{tt£L&tf Sb-^iPX 
-r2.Ci:t iO, *PXffi»c43^Tb—»f7 , dBgWtJ;»?fg 

[0025] \s—*?baTi%izi]Qxmcm%®.nm*$z. 

mem 1 ) ijoxffii^iiDx < -r ^m&nTvttm* 
%m. mc BSib-r s c t » t* t s„ 

[002 6] ft i; xff , ipxftii^itfs/ y u y#*S B B B ^ 
^ u B H^fi5*K±-r^iii:^T**s 0 $ft, m& 

[0 0 2 7] ?c,(c, iS»tJ:!)> jljSffimi 

££*is<dt% u— tfft^guw&anfcifciLu adx 
[0028] tonffi^mtsztizmmt. -^ipucjj 



[0 0 2 9] 4PX^^tf^fl:?XMT-fcSJ§^ C 
[0 0 3 0] ^2©gW^afig-rSft46»C, *%0£fc«J: 

DJStftSftSb-lfiiDXgMa, «f5aH§fc, tax 
ft U— «f **4ip3***©ttilBi± (c« < £ v Jo 

[003 1] h iiSEffitf- h*. 

ioxftii$i<DJ)OXffi t « l£JUo fcffiHfc &m? S c fc ft 
<toT, iPX®±{C#t*g^n2»?Stt«, liJ£-S€>iSfl 

[0 0 3 2] Z<Dl>— ffiPX^Htt. iPl«^tCjS^ 

aasft*^'*. ft t x a *^^nc w s ^ n 

[0 0 3 3] iB§i^»*#*S«8fre,&-e5*iSig 
[0 0 3 4] ^3 0B»*a^rSfe«>t, *5HBti 

isu (2) aiti/- »rjfc*aa«-e**i**«ift 

30 L, (3) Rtffle«aHft*4itft*^. ?K{*^/VLT 

ttictox-rs„ 

[0 0 3 5] (g«ftt Atf^«|gT'fe»)> SSj^fiiS* 

[0 0 3 6]»ffi{±, fti:A{f->>Jn>^ H B u iEfi. I] 
I-VKft^ll*3l(*S«=a:iflfJ65„ Ktt^ft. #y 

40 s/ua>jn. fiisftmno'/v^vmi, ->yzi 

clOct^^M^iPlli, ^Vi/>y7-r>. VIA 

E»^^-X * 

[0 0 3 7] *SS*i8t6±018t«(**«lSL, Ja^iS 
fitt%4it.&A<&l^- 'fiox-r-Scirlc.tD, b-lfJt 



[0 0 3 8] m4 o)um*m®.?z>rctb\^ ¥##ga 
(Dgrnxmit. ( i ) a«±£ 1 yLtvmtt&m u 

(2) ig±tcb— vftzmmzitzmtiizm&L, 

(3) 'i«I^LT«l!EIU:CU-Hf»*H»U #N 
O b-lfWKffa o i fcKJP T i fc'tt. T 0 . 3 / a 

[0 0 3 9] C4)J;9a:&ftT-e. iraiffifcfctt*^ 

[0 0 4 0] ^5©g^Sfig-r2.fci6tc, ¥3£{*gB 
(DSffifimt. ( 1 ) ->xy%±KgWB5ihR^LTb 
5?*bK«ft«U (2) b->*XMi±l;:U— !fft*ig 

jg«*s*(t*«teu (3) c®iSM^ua<L 

[0 0 4 1] ODfimiC&O^ JJgb^XhcDXD-— £ 

»jBi(cX8aH^-r«i:j:tfT«S. LfctfoT, sit 

filled So 

[00 4 2] Sfc, ^tt^ffi&L&tfBb^l-^SI* 

m±m*is-*rtaxtz<DT\ iDi< -r^fRfifii?^ 

[0 0 4 3] *«flO*<D«!OB«. SbJRtt, 
[0 0 4 4] 

mmnz\s— vmaMm. u— tfspi££, *3«fct/# 
fe^i/^feiofc-rso 

[0045] (55 1 m.imm m \ a. *mn(o%i i m 



(5) ^2002-224 8 7 8 



Z*)l?7£^ v— vmm2i?z>5£&wzv--- v% 

2 A^iPlttSlfe 1 O^iPlffi 1 0 AK;£j££-&;5£lE 
£ 6 t , ■ 7 8 S&ttf&Sgfg 9 * 

tlx., ^;l/^7{i, JjPlffil 0 A£{sU?ji5ofcttB£»5 
5 X#- b 7 B i: gf h 7 C ^WT 5 o «T 

•>x/w 0^ffli,^^i:oTsKB^-rSo 
[0 0 4 6] b—tfiPlgg l l±?c,tr. b— »fft2 A 

[0 0 4 7] ls-*?¥£M%B2lttct7LlfQ-sw\ t c 
h Nd YA'GU— «Tefc*>, (i&Sl 0 64 

n m) , m-iSHlS (Kft 5 3 2 n m)\ gSHKUft 

G&ft 3 5 5 n m) , ^raiSIHiS (ifeK 266nm)Q 

v>rn*^jSft© u— 9% 2 a zmM-f z> c t tfvimT' 
[0048] is— V3m&2ts>£>mt-£ti£is~ mz 

20 A©^;U7.te'tti^ 1 0 n s e c fC&^ftTfctK >- 

0 /i m— 500pm (1 0/imXl 0/i m~ 5 0 0(im 
X 5 0 0 pm) *T©«HrtKJ3^T»B[E*ff 3 C t& 

1 0 kH ztsSS^nTV^o U— !f^S85 2 2>>5jfrt»- 

^ns u— «f)t 2 a (Dftmmw. mmffimvmwmit. 
\s— yvti-=>z\zii*) fftotiT^So 
[0049] is-*f&n%s2frt>mm-£nrzis— yytz 

30 e^n-rn^rii^a^L. ->x/m o<oipi® i oa 

5mm2frt>^£>nrcis— *r%2 A®B#zm&?z 

— «f3l62 A^fAA^^f3tii-r^-7^5-5 At. >\ 
-7 5 7- 5 A IC £ *) m. *) iU^tXfc Is— 2 B Z®m 

40 ®m5zm^T. \s-*fytmM&.m<DT7'{*yh*m 

[0 0 5 0] £a^6H\ 'Jl'M OOibPlffil 0A± 

?u- *r%2 AttmmMm&zwmmtiLmyy 
sft*<D^a=^-6 At, Azmmmw 

•?&tctb(DMM&m$l6 B?r^< i:tt«x.S„ 0 l tc 

;b^"7 tfgfbSiJffli^S^aseL, *;I/**7*7j<¥;£|pjM 
0*tcfi.i«7!iiD)tt^ffii-rSi:i:»c<t^T, U— Vftz A<D 



(6) 



Wffl 2002-224878 



*fft2 A£iralfflJ-'\3i< c fcOTSSHBftaft** 

©HWk bra i cj*<r!g i n«sj£<gT*js^nT^ 

So 

[00 5 1] *;l/^7 fi. *&fOx^ l o^sSfg-TS 
hb-<D<fc5&^#tr-$j£2nT^So *;l/^"7©¥® 

SCfctfTitSo ^^xMOi^tcRffi^JiPiW 
^fibTt>«fcV\, 

[o o 5 2] @ i tc^-rwiT-a. d-wb^TttTkTtgSR 

£ttTt^S£>T\ JnXBl OAQftSfc, *(WA#- 
h 7 B*><fctfgWi#- h 7 C<D*«tf BJS-*TSo t 

- h 7 ca\ tax® i o a ttiiflio i ?KES2ft 

So »A#— h7Bfc»m#— h7Ctt, ")x;M 0O 20 

tax® 1 0 A^ratcti^/uT-ai^s^ncffig-rs^tf 
»ru<. »*iittssEiB9*»6«*&?n*»**v ?x 
ai ooiraiffii 0A±T?sm&&£ us -3? 

figtCtO. ilPXffiil 0 A£«Cfc>/c-DT. 

adi < -r^b— »f mi ic 1 1 & 9 «ja<i!)(*»*j»*wt 

BfilhlTSCfcTyT'fjSo 

[0 0 5 3] *;l/^7ti?e.C, Jmlffii 0 AJb^rdUn 
SttfttflfrV U— »f3t2A*ajgS-&saWftS7 A 
*{3*.S 0 b-*^S82fr&*lfi£ftfcb--Wfc2A 30 
«\ &7 AfcSSttSfcfcSjfiLT^x/M OOilPXffil 
OAtCMIt^nSo S7Att, b— ■ftaXttlC'SrxsM 

0 ±tgiinsjfi(*8 o^*^E6±-r s„ 

[0 0 5 4] $#8i:bTft&W*£ffl^SCt#T* 
?S#. t>x;w 0^t*cDinX?4^%«DfiOXffil OA 

i^*s £ t#T-#, b— msam;: <t oasfe^siis* 
s tows li\ *&w<oMimm 

[0 0 5 5] mali. ±¥<Dttft<DtoXlC&m?Z>ZL t 

mjk*&mLtzis— tfiPxtctt^T, u— tftoxa 

l±. SiA<D±mKi:*)m (Cu) <DX«y^>^ittff« 

iot. SJE«&£0iinx*»*«u:it*Sc:fc;6<Tt 

So 

[0 0 5 6] TgEftffi&Ufi 9 It. m*mctmJLffi 1 0 A so 



10 

■hmw 8fc8S i 5 KiStt^ffiSSbT fe i^o 
[0 0 5 7] ft<*{fttt£IB9H:. Tz£7L\mm#y?i: 
h*). ^Ag9AMtflc^We9B^abT^;l/^7te 

m-ent. iox<-r^^£-r^7c*iD^^7i/^ pfb&o 

[0 0 5 8] *;l/^7K«*gSftSJ8#«s b— »f)t!«8 

irts«tiE4-r si«ja*a««icjR>) & < ft *6ic, *px 

ffii 0 A±mift£x^&v^5C-^ip]£iJSSib£ 

h7Bt>\ iraxffi 1 0 a tmm?rctiLWk$iW$tiz 

lz. tPXSl 0A±T*iitS-^|n){cl^-{j:giins„ '« 
#«&gg 9 (i'>& < i: fe b--»fipX#filgfcfTfc*iT 

v>s i: t icmiii^nTi/^tiff £t/\, 

[0 0 5 9] 01 C^-rgH^fflVfcb-^ IfiPX^&T 
it. iraza&jfeft 1 0 ©iPXffi 1 0 AXlCjSi* 8 ^rffijg 

u ipxffi i oAjtsaaJrrssfts^bT, *px® 

1 0 A <D Rff£©fiiBt;: b— % 2 A ^ HgW L T ipi-f 

So iipxffif±^ns?g^^-bTU-^iPX-rs«it 
ct *> , b— if 8M«a«t«4-r siitffi^iipx < -f *a 
««ti»£-racfc*«T?#s. ipxffix^gftsi-rsist* 

<,\, ttitaD, iPXSB±T-<7)aSil^Kji:b. Sf4:?rg 

iif s b— 9 , jtt^s»jaan*4i;«-&4v». 
[0060] % 1 mmmmicm^u-^taxT 
it. toiTM±zmnzmwfc&*). b— *fmtmic%£. 
•rs^ai^i- c i:7b^T*#s^T\ b— »f3t»BaMi«3a 

i^K. #*ttoa«S:H©«^, b— yycojffiWCJ:* 
«W>J£# 0 b, S B a B ^PS04^?:teih-r S z 
T^So b— yjPXtiS^eE^^ifOfRH*^ 
iPXffifC#STSfi!)?rB5±T*^S 0 
[0061] cnGO^tciO. ESt*««BiiPX5rll 
gj-rscfctfT-^So 

[0062] (m 2 mmBtm m2it. z m 

«0Kttfc«*b— lf*DX««l OOOHTfe*. b— «f 
APlSSl 0 0l±. b-^^8g2fc. iDX«**(ft 

?xm) 1 o*ffi»-rs*;i/^7 u-^fSli 

Sg2*^^P>nfcU— tfJt2 A*->X7M OOiPlffi 
1 OAC3eS«-fr*3taS6i:, *;l/^"7K^tt:85-« 
J&TS^{*ffi^fi9t, ->X7M OCDinlffil 0A£ 
jfflSjftfi»S«*«e»9iliD^ *xXA i: ^rfiSx. So 
[0 0 6 3] @^MEn*P7<*-XA(i, m2(D&mt. 
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Kfrif 7 ©BMKiflX D tttt ^nfcE**? 1 2 0 £ . £ 

<DE.mm? i 2 o«sim«rr zmMumm® \z\t 
T'i(S?ti5„ c^if^ jS^sMa. smm^i 2 

0*^3h;V^7^LT->X/M ofcfcgsn, 
IC7XA1 ooiraXffii o AAWj^igilrrsiitfca 

[0 0 6 4] 0^ttL&V\tf. e^&ffliD^*- 

Xi»tt, ?${*«^gS9i:*;i/^7 tzm&-rz>m&ffi. 

AS9 AK^ttTfeil/N, C<Di§^tt. *^7£«^ 

1 ooioiSi o A±£8Sl!rr£i:t»c. taXBoi OA 

CO 0 6 5] *;l/^7Ji, IliMi^Slc. b- 
^2 A*38iB**42IM4S7 At. >>x;M OOAP 
II10A iC'SIf fito fc&gKfcS&ttjgAtf- K 7 B 

*> itfgp h 7 c £*rr 

[0 0 6 6] lx— ♦fiPX^Sl 0 0«2f£tC. 1f3t 

2 A (Dim* J 5 *«Wr S b—lf»»3 >hn 

-^3t, e-i»gBsuyx^--> b4t. ^x^m o 

[006 7] 02 »C^"T U— If APXgfi 1 0 0 £J8V^c 

u-+finX73jST*«, Abxttfitlfe (^xm) l ooiipx 

C9&<* 8 £:» L T U-+f ft 2 A £iPX® 1 0 A CMira 

zttt>ic, iDXffii i o a icmzmmmttZT, ee- 

[0 0 6 8] fct^lf. SPXftitf&l 1 0 

oioiffi i o a tKmstoffifrbm^fazmtn-tZo & 

Mz&mm? 8 ^iniffi i o a u-mzwrnz* 
%.Tt,*i\ g^M« t 'J>%< tt>i<-*m 
(om$imc-$-z.t>titii£&\,^\ apxei oa^ic 

[0 0 6 9] coyzoftu— Fipx#?i-m. u-ifin 
Xftciipiffii 0A#ggiglgS!rr££>T\ >fftfc; 

6 «c, u— «r tone <fc zmfcz-ftrz t x annas 1 o a k 

•p**. m2nmmm<Dis-?hQxmmi oom ■> 
x/m ooinxsi o A±tuir^— icg!ii&-rsaE{*8 

0 £>iPX® l 0 A \z.m^W.WSi^fi 5 c i: ic £ 0 flp 

x<-r j f»u— ?ft2 AoHSffciD^-raaia*, <t 

[0070] (^3H«9i) xiELfcm i mmmmz 
k n m 2 mmmmo u-^fipx^sfe <t a' u— »f tpx^ 
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[00 7 1] ( 1 ) ¥##»£<9 tf ipx 

0 3 tt, Sg 1 H«9^8l$fctt^ 2 Hffi^ffi© ifiDX 

(->x/n) i itn/^i i T*»j«f««*^r 0 

[0 0 7 2] ^S^SK'N^b— ifiipxa, 7U-K-f> 
7^-V-fcfU.T, . 9x;\£^«y 7\cm+> 

[0 0 7 3] #W*«tli % 03 (a) t^-r«t5fc'>U 

ny^x/M l^ipxffii iA±t. aaa^tav^j: 

1 1 AKU-*FftZ A^M»bT, *S*^1 0/im, 
?A^5 0^m<D?Sl 1 J^m-^o iPXmc. iPXffii 

1 1 AtcjS§^«i!)^4^?.^-&tt, as^-f^Ristiij* 
20 [0074] imxi%<Dis-*rx.<DBmt, temftfoti 1 

0 m m, ftffl^[p]^ 500/1 m<D5§JBT'&£o \s—*f% 
<D 1 /^l/Xfc/c 0 cOMWx^;l/^-Sga« 4 J/c 
m 2 , 10kHzT*$D, fiB^TlpltC 1 0 

mm/secT'SSniltioL ^-OtffCiDX-f 
5 0 b— «f ififia 2 6 6 n m, /^l/Xte'tt 1 0 n s e c 
T-J5-5,, y'j3>^XA| lOiPXffil lAcetjg^n 

tzismiicyjitzoiz. ^x^9 a. j^mggB^a 

[0 0 7 5] T EMT-«ffi»tt£«5l<D&m, 0 3 

( a ) t^-r <k 3 ic. b— tf mmmn 1 2 ©a^ti. 
^Tt^vt^mtiLmomMifiK^c. turn* tat. 

019 (a) t^-T<fc3tC ^+T?1^- tfiPX 
Lfcfcf icSSSnfc^ Kl 1 0 1 A, £91 1 0 

2. gtt)±*^ 1 1 0 3 3?<Dffl«fea$n-r\ mff^K 

ffiAPXJBttAW^nfco $5)tc. 01 9 (a) IC*? 

40 i^j->>j3>ei 1 0 Amvmm^izthszm; 

[0 0 7 6] ±£6L/ci5SiJ]fS4'b— »fi^x^cfct^T^i, 

)S?I2 6 6 nm©^E3ig||jg(Dl^-1f^;2 ATb^ffl^n 
TI/^AV jgfi3 5 5 n mCgSHftiWifc.. 3 2 n 

m«^~KDIiS, ? P>lC^g 1 0 6 4 n mOl*M^f 

{«=&|5SjfrSC t^T-$5„ fcfcitfU— ?ft2 AO 
SgSix^^-ggS^ 5 2 0J/cm z lC LfcS 

50 *<T££„ 
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[0 0 7 7] 03 (a) ©GOTHi. S/«;:j>9x 
A] HC^$/>^9^>a>^lM>Wl 1 T^rJEMLT 

?Z&ffili, Ga. P. As. In. A I &fc*©{k^| 

[007 8] 03 (b) l±. JtUWfcLT, fV-Y\ 
3^«fflLT5fe^2/>^Lfc^^ 0 ^ 
2/V?fcM3 0(im~4 0(i mO^l/- F 1 3 
n. ci?)7b- Kl 3tJ;D> ^$50pm~l 00|i io 
m<0«WBl^rsc:-fc36l«-p.#S. LfrL. 7b- Kl 3 
SftJflLTi/'JnyjiAl Uc8i£5 0/i.m©$l 1 

^iOXM^l 2 dO)Sl2!fc^^Tv'Un>">x^M i <d 
fcgW«:*7y* 1 1 a^ig&l 1 btf££U i"J3V 

1 0 0 /imKkSU ^ ^>^««H2I©» lOO/i 

[0 0 7 9] S3 (c) «. i/ijn^inl lOiraX 
ffil 1AE. ^8fcLT7>^-7*jg^^LT 
U— *ftnXLtcm%7ji?o Is— fftZ k^Ty^-THa 
(Pf-m^O £;f>LT->l) ny^:n;M KDinXffil 
1 AKKMU iffl 1 U£»$Lfcfc£cDiDX&#«. 

O^m, fiia^lRltf 50 0/imm, fe&Mgtft 1 0 mm 
/sec. £igJSfi&&# 1 0 k H z . M&tx*;!/^-^ 30 
li'4J/cm ! '/^ ifcltf2 6 6 nmT'&£„ 
[0 0 8 0] TEM*««LfeWfffiJBtt©««0*S*» 
7 y*ri77krS?£*T* U— «f % 2 A £«&f L fc^&tc 

a. «*+f:rai;u— ifioi*ftT,-»i 1 u<?)S?^ 

1 0 0/xmlc$T*aLTI/^ o LT^K^ffifflb 
fc^-a-Ojfl 1 T <DUZft$i5 O/xmT'&o fed ticit 

[00 8 1] 03 (b) t^Uci5t7U- 

b. f-y\£>{fl 1 c^<DS«tf&<. 01 9 
(a) fcjSf.kS&iK'l'F 1 1 0 1 A. W& 1 1 0 2. 

&»?±#t> 1 1 0 3«6SJ:A,££C&:t\i &%kL 
T. &#&jtaX»M^tf£^&C£#T-£. 5o 2£lc. 
•>'j3>Sf 1 1 0 4^<Dfl«iSt%lk. U— !fXSWflW 

[0 0 8 2] ±3iELfcU— ^iiDl^ff^SJie 
(±1 Omm/s e cT*&3#, 2 f£<D&2(r> 

2 Omm/s e ctcbfc^tc, IJI>)5 0 /im<Di$ 1 



: e-77kig^MWrSei:»c«J;0> «*4><0b— Wo 

[0 0 8 3] ftaTMl 1 AtC7> ; e-7*^?$^ 

[0084] 04 1±. \s— yyt<T>i&&kzsv ^txoym. 

&<9i£ft 1 0 6 4 n m©»ft«±. Mft 5 3 2 nm 
hm-Lfamtfc. i£g3 5 5 nm?>3IHiSt@j&&l/i£g2 
6 6nmO^Eg^s)S!Stlt^bT^m»C/MV>o 

[0 0 8 5] j£S 1 1 0 0 n mJSUtOU— IfJt^WV* 

Ste*5fcifc*<TaiSS?#&*. 1 1 0 Onra« 
±£>7tlC{±. fc£Z.lf&m 1 3 2 1 n mOY L F Is— «f 
*'JH5nT»/^*tf, ilOb- »f*ffll/^#&tt. ^3 0 

-^ftDI^fT^ o fc t LT fe , «f JRUttlC X 

ft<>x/N^iDXl-i>^«, fiftl 1 OOnmJ^T^U 

[0086] ( 2 ) ^(*s«±©ieas®© U— If iDX 
0 5tt. ^lSISSJBSIfe^^ZllfiE^ffilc^Sb-lf 

tcummotuxizmm ltzM**?* 0 5 icjfj-f #j? 

^EgiaiMjST-fcSi^fi 2 6 6 n m<D\s—+TJt 2 A£ 
{Efflt. J)0Xffi±lC«J&-rS?g»8tLT. JfiTk^ffl 

[0 0 8 7] 05 (a) T'tt. 2/ 'J n >^<bK 2 0 tf. 

5„ v>Jn>^tM20<Da®20At. ->'j3y)i 
>-M 1 (OlltliLrciiiDXMl 1 A±JC«. b— Fft2A£ 

Ba»LTftu.-r*iBj. ^ (^0,tO *^?n. m» 

[0 0 8 8] 0 5 (a) tC^ffljT'tt. > 'J ^ >K{tJl 
2 0{±j^g2 6 6 nm<OU— f7t2 A^lRL^:^© 
T*. U— »f)tt2A«:->y=i>*{bi!2 0*aabT«» 
i/ijD^iAi i<Diaiffii i Atgg^jti. ?Si i 

nfc -> >j n >mtm 2 on 7d-sw„ c<ot 
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i/Vuym\M2 0±, tiJclF^On^x/M l 
©iPlffii 1 A±£&#8*<&JS;*ftTV>£0T\ >'J 

n>-^tR2o j f>~>>;3>«>x7M i ©ffis^ itm^m 

[0 0 8 9] 05 (b) 7?»i, ^U3>J^|£AO^X/> 
1 1±£, W^>'Jn^bM2 K"S/"j3>aflai2 

2 , wr> «j 3 >m<m 2 3 bfc«£jea«* u 

-+fiax-rs 0 if3t2A*jBWLTinx-rs»l!:, 
Wa->Ua>Kft®2 3«DiPlffi2 3 A. ^'Jn>g(k 10 
122 ©iPXffi 2 2 A , Wt!-> tH 2 1 CDiDl 

M2 i a. i/«;a>">x/M i ©ipiffiii l A±ic&tt 

8^*g-r5<, U— «fcZAtt«{*8*8iBLT, iPX 

m&m$tis— tfimiu j?ti i T£®j£-ra 0 
[0 0 9 0] 05 (b) fcjjcfflJT-a, stts/yayft 
{km 2k -> u n >mm 2 2 » y =1 >iwuii 2 

3 O^tt^tttf&fi 2 6 6 n m<D U—^f^t 2 A SrSMx't" 
3<DT\ U n y&ffclg 2 3 , -> U n >2gfbH 2 

2, »>un>^kd2 1 itmku— FiPI^tt, £ 

&IC->X/M lOtDXSl 1 AKl/- 9^2 Atf{B&2 20 

nr. ^77^£w;it4<, mi 1 t©u— «r 

[0 0 9 1] 05 (a) teit>*5 (b) lC7jkt^-?tl<D 

So 

[0 0 9 2] 0 5 (b) ©tflJlCifc^T, 5"J3> 

>>x/m 1 ±o^g*6^s^Sfi!c-rss^ ora^y 

n>g{b^2 1, v"Jnyg<fcK2 2, W^>"Jn>K 

I s = I i (1 -R) e x p (-a 
C C T' R » T'£ Z> „ 30 

[0 0 9 6] ±J£Lfc«fc-3£ % ^U3>>>x/M 1±<D 
*£*IR£lHI5:-5-x.-f £-> »J zi >>>x/> l l (DiDXffi 1 
1 Aicb— tfi0X^t73^tct4, jS»x*d/#-«tf[ 
I s 5 3 J / c mUXTt^tS^feSo life, 

I i SO. 3 (1/oi) ' 

— »f3l£!RiR«ao i fcilflft i (2) SMfe^r 

*£»c t^vt mcomm^± t; * c t £ < , -> 

"jn>->i/M l^iDXffii 1 ACU— tftox-rsci: 4 0 
tfRlH&CfcS. £fc, 05<90JT'«, ItKOtWi: LT-> 
'J n^X/N^-ji^T^Stf, >"Jn>y;l/V->>A-^ 

ill - vm^W*&fc*0#«tt-}x;N-g££o^ 
[0 0 9 8] Jfok^#ji<Dft0Xffi±lcfltiteLatfP) U- 

■*fhaxtzcr>T\ i>— f^2 A^ra^icto^s-rs^ 

[0 0 9 9] 0 5lCjjVf0ljT*«, »(*8i:LTlfck^eE 
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2 3) £?7-y^£XC£#*C*:&<b— fiOX 
[0 0 9 3] $"T. 5/U3 5"5rx/M l±tSI^"j3 

>8?{fcli 21, >mitm 2 2 , y ^yfflb 
n 2 3 Q&A**mm-t Lrm^Ltc^m^mm-r^o 
m&mmoyu— vmmmza i (nm-n.mm 

£t i (nm) fc-T&o TiftfcfcSS'yriytfx/M l 
©iPlffll 1 A Kb— »fft2 A«?tlTfe, ±J§<D 
tt^fcSttfc^-it&lr-'fci&fca:, APlffil 1 AfcS«S 
?Z U-if ft 2 A <Dgg3tx*;b^£g£ 3 J / cm 2 

WTfcBS^rsj&sjwa&So ^xm 1 tjgitis 

fcjffl 1 T*b— »fAPX-r5tC«, 4>&<i:£,4J/c 

m 2 ©MI*x*;l,^-®gMg£-f£„ 

U =J >gE{fcR 2 1, 2 3 <Dti\?tl*mmkL U— tfiPI 

fsfc^tc^gii^nsBgiitx^i/^-^gii 1 j/c 

m 2 Tfe 0 , ->U3 2 2 ^UlStc b-if ipx-r 

sfc^fc^si: $nsig^x^;i/^-sstt 0 . 5 j / 

c m 2 T£-5 0 

[0 0 9 4] g} 1 1 TOb— *fiPX{Cie.g%ra^x*;l/ 
^-Sg^rli (4J/cm 2 ) i/'JJ^X/M 
l±»C}gfig?nfc, *«5/'j3>»fkR2 K 2 3, -> 
U =1 >«^tH 2 2& t*<D#M*6«lgcr) l^-WtRlRfiS 

>->xm 1 1 tDiJPXM 1 1 AfCfiJjg-T 5U— »f7t2 AO 
SB,^x^;l/^--gBg I s«, (1) t«fc?)S-rili:A< 

[00 9 5] 

i • t i) ( 1 ) 

^ 3 j / c m 2 , mm^fi^-mm 1 ■= 4 j / c m 2 
o*ft^ (1) izixxtzt, tmmvmmt a>\ 

S (2) t bT*$S„ 
[00 9 7] 

(2) 

/M 1 fcflf&b— tfiPXiig^^T'tSc, 
[0 10 0] «lg-r^^{*8^iPXffi±T!5iil!)?^5^ 

is—vytmim® 1 2 ic^-r-smrs^ai^wic 

[0 10 1] ^5>lc, ftPIStcagiSSlft?:^^^^ 

[0102] £p>ic og^) mmmffi'&tttz 

>>x/n«:U— tfSDX-rs^tt, fxAloSMtf) 
U-^lR^Sfa i t^Jl t i*, t i SO. 3/o i 



(10) 
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££U£-&£ci:&<. £x;>fc||*fcil*flrrcJ:il« 

[0103] o) ¥mfcv^±(D&mm(»is— vim 
i 

H2 o^tT^fiSLfc^iiii^u— ifin-rsw** 

•To 06<O«RjT*tt, £jgM£LT«3 0. 3 1 
So MgOiraXffii3 0 A, 3 1 A±£, 

ZftLTU- *T%2 AT*iOIffi3 0 A, 3 1 A$EWL 
Tb-^iPX-TSo i^SKjSCT, iPXffi3 0A, 3 1 

3 i M^tf3e?fBi««»Nic«is-r%eisu «r 

[0 104 ] 06 (a) IC^-rtXJT'tt, v"j3y)lA 
1 1 ±KUBS«ftfcIlff5 0 0 nm©tf3.T5:aj^3 
0^ WifillX-rSo iPXS53 0 A±fcftiS'r3«{*fc 
LTUfck-fcteJa U Q-s w i t c h Nd YAGb 

rru MftfX^;l/^-^jg{i 3 J / c m 2 . > 3 hmt 
1 T'feSo 

[0 10 5] /i-AE SK<fcS##T©*£*. ^<Ob 
— tfiPXT-Hgt-tfRig 1 1 1 0ifi&lc£i;T^7ciH-%<7> 
K«r5»l 13 5 (019 (b) ) tiK M3 0OI/ 

£*lfc„ ftoT. !?8|tlSa3fi^^»^3 0£DltaSi<I 
fe±#-r 5 Ci4<, 1 . 8j]Qc mO)tmtfim 

[0 10 6] ^5>»C. TEMW8Lfc£tSi»ttOgigl so 

^fc«0±fl < D 1 1 3 3 JWRttSBIH 1 113 4 (01 
9 (b) ) kSiM^tt&frofCo 

[0107] -«*<iDttieT"P««Bt3 o%u— tfipx-r 

fR^?<D#g*^BtycK±T'#3o c« 
t±. U— *fft2 A<7)igfi5r3 5 5 n 5 3 2 n nu 1 

0 6 4 nmtmt-£-&Tt>\4micmi$.ZtlZ> c , ttet> 
^ tt*«S»U W3 0«iR?n*J:5SM 

[0 10 8] 06 (b) iC^mT'li., ->l)u>^x/\ 

1 1 ±»C«£nfcMj¥ 1 /im«l3 »fin 
XTSo iPX®3 1 A±t«H&-T?,?$<*fcLT^7k^ 
fflU Q-swi tch Nd Y A G V— IfSrffll/" 1 
S 0 U— »fft<9J£Kli, IO(iraX10(im, B884X* 
;l^-2g&«3 J/cm 1 , ->3 y hffeti 1 T*&3„ 0 

6 (a) £i3i;&<rc-<Db-+ffoa:T'«\ s?J¥JS3 nc 
S'M-rsciitf-r-t&^o so 
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[0 1 0 9] *J1T\ 06 (c) lC^-r<t3C iPXffl 
3 1 AXlcft^-rs^i* (^053 £LT#Vi/>mt 

tomi<.*®mLT. mm 1 ^ mcommm3 1 >f 

Apxf £„ -> >a»fblc3fckH:, ^'E3S2H8Efl!)»g 
2 6 6 n mRrj£ 3 KVK£4>tt& 3 5 5 n m<9U-1fft 
2 A«iKLTL$ 3<DT. u— *firaxc ii?g-|gl@i£ 
<Dj£ft 5 3 2 n m<D b— If ft 2A (S 7c«S#i£<Di&i 

1 0 6 4 n m<DU— ♦fft 2 A) £HfflBfyc{£ffl-r-3 £ t 
tf?#S 0 U— *f%2 A<DBB^x*;I/^-^gtt3 J/ 
cm 2 , -> 3 'V WlT*fe5„ 

[0 110] VV^ym&fcimim. liST-«x>y^ 
^^igfr^-f. iSfijb^i 0 0t:{e±#-rsi:S/x 
m/m i nig©l'yfy^iU?^S„ ->xm±cd 
£§|<D U-VMXIZ 9 U > >iB»{b* jfok'f *ffltv5« 
V- tfft2 AOMWx^;l/^-T-^U^>i§Kft 
Tk^KA^p^^n. &Kfc-*§©iPi^l£&gi:-& 

AbT, KJPl |imiDM3 1 S"Jn>&{fcK2 
0lcSiJIt5l-b^3 1 T*a»fcJgj£rsci:««T? 
#So £Si:LT, &*J?H3 1 -x>ys 

nso 

[0 1 1 1] /x-A E SK<k£#«T<7)iS3^ 

^{b7k^7k^«*&L^A^^JiK3 i fci/— tram**' 

l3Tt->fc&+%eDR&?53fe{i«&2tt&**ofeo Lfctf 
oT, 2Q5fi^T*^lg3 1 Oitaiaffl<0li^ 

t^<. *5fe©<ST'»5S 1 . 8 ^ Q c mAWlC*S8f2 
nTV^7Co 

[oi 12] mutrnmi 2Amr'(D^±m^m^. 
■rsca^T'^fco 

[oi 13] 06ic^-rMT'tt. v*^±oy&mmth 

S£ (Al-SK Al-Cu. Al -C u — S i If) 
[0 114] (4) ^'Jn^bUfciO'^* Mx->*^ 

hou— y*px 

07 (a) ti. ->iJ3>^i;m 1 ±JCi"J n>K<tJg 

2 0?:j y >LTJgfi!tLfc->Un>S(b^4 0±tcffi«: (^ 
0^) ^tt^L^/j^U-^fiPX-r-S.^. 0 7 (b) 

isii:<->«jzi>'>xyM i ±tc>";n>K(hK2 o 

^r^LTJgfi£L/c7* hk>'Xh 4 1 XKfgtt (^0 

[0 115] •> U r >g(kl 4 0 ^7 ^ h 1/->"X hi 4 
1 (Omm^it. ->'jay>i;M lHKHO^ 



(11) 
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JSa^SttttRflS/h^VS Q-switch Nd YA 

g u— vow, zimm^m a mmL<D <t ? * d u v jt« 
Wffl-rs u-ifiraxT-a, ^ ygftM 4 o ©<t 5 % 

»«BMi««WlS^#> K-f*, 7* b b->*7. MS 4 1 © i 

&$-mmmw}>r^imixcL (771^-^3 >tn 

[0 116] 07 (a) £>$|T(4, yj3>^bK4 0 
(4, mZ-li C V D**/*» * 'J J: p 'J =i >7 

x;M 1 _t(c 2 0 nm<9^ffT-Jgfi££nTV&o CO^ 10 
UnySMJH OXCjfckfciftf&U Q-swi tch 
N d Y A G V— ?©f!"raa3!3l£T*&£ifeK 2 6 6 n 

mob-^2 A-pinx-rso i/—9%2 Avmmt 1 

O/iinXlOfim, gBJtx*;l/:£-&g(40. 5 J/c 
m 2 , ->3>y hlittlT-feSo 
[0 117] S EMT*Br®^i£HS!l?0>*Sm, ^*T* 
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